We reported recently that a functional relevant CAG trinucleotide repeat of the androgen receptor influences craving of men in alcohol withdrawal. It is known to modulate serum concentrations of leptin, which affects hypothalamic appetite regulation. Its plasma levels are elevated during chronic alcohol consumption, normalize within periods of abstinence and are associated with craving. The aim of this study was to further elucidate the role of leptin in mediating the effects of the mentioned polymorphism on craving in men undergoing alcohol withdrawal. We included 110 male in-patients who were admitted for detoxification treatment. Each one had an established diagnosis of alcohol dependence according to the DSM-IV. Our results show on the one hand negative associations between the number of CAG repeats and (i) leptin serum levels (Po0.01) and (ii) craving (Po0.05), and on the other hand, a positive association between leptin and craving of man in alcohol withdrawal (Po0.001). The path analysis revealed direct and mediated effects of the number of CAG repeats on alcohol craving, direct effects (r ¼ À0.144) accounting for 60% and indirect, leptin-mediated effects (r ¼ À0.096) accounting for 40% of the total effect. Dysregulation of sexual hormones influences human metabolism and seems to affect leptin homeostasis. This report suggests that the investigated polymorphism mediates its effect on craving of men in alcohol withdrawal mostly through the regulation of leptin. Nevertheless future studies are needed to further explore the functionality of the androgen receptor gene in terms of craving.
Introduction
To this day the role of genes in modulation of craving in alcohol withdrawal is poorly understood. There are genes that are known to be involved in the pathogenesis of craving (NACP (non-amyloid component of plaques)
1,2 and 5-HTTLPR (serotonin transporter) 3 ). We reported recently that a CAG trinucleotide repeat in the coding region of the androgen receptor influences craving of men in alcohol withdrawal. 4 This polymorphism controls the function of the receptor as a transcription factor. Nevertheless, the mentioned genes belong to different pathways, suggesting a multimodal pathophysiology of craving.
The androgen receptor is located on chromosome Xq11-12. The polyglutamine stretch in the amino-terminal domain of the androgen receptor is encoded by the trinucleotide repeat CAG. 5 Although long-repeat regions inhibit interactions between the androgen receptor and different co-activators (CREB binding protein and p160), 6 a small number of CAG repeats enhances binding of androgens to the receptor. 5 The CAG polymorphism is known to modulate body fat mass and serum concentrations of leptin. The number of repeats correlates positively with the body fat content, leptin and insulin. 7 In wild-type male but not female mice, the androgen receptor is highly expressed in different hypothalamic nuclei, which highlights the importance of this protein for the central nervous system. In vitro, the androgen receptor enhances signal transducer and activator of transcription 3 (STAT3)-mediated transcription of leptin target genes, which includes proopiomelanocortin and suppressor of cytokine signaling 3. Leptin is mainly an adipocyte-secreted protein and affects the hypothalamic appetite regulation. 9 But more and more data are emerging that leptin is not only important in the regulation of food intake and energy balance, but that it also has a main function as a metabolic and neuroendocrine hormone. It is clear that it is especially involved in glucose metabolism, as well as in normal sexual maturation and reproduction. 10 Its plasma levels are elevated during chronic alcohol consumption, 11 normalize after cessation of drinking 12 and are associated with craving in alcohol withdrawal, which has been shown by multiple studies. [13] [14] [15] [16] Thus, the aim of this study was to further elucidate whether leptin mediates the effect of the mentioned polymorphism on craving in men undergoing alcohol withdrawal.
Results

Demographic characteristics
The included male patients were characterized demographically as follows: age (mean: 43 years, s.d. 8.944, minimum 22, maximum 65), daily ethanol intake (median: 197 g, 25/ 75% percentiles: 146/296), lifetime drinking (median: 13326 kg, 25/75% percentiles: 681/2162) and blood alcohol concentration at admission (median 101 mg per 100 ml, 25/ 75% percentiles: 0/208). In all, 26.4% of included patients (n ¼ 29) had a blood alcohol concentration of 0 mg per 100 ml when samples were drawn. For statistical analysis, we divided the group of patients in three subgroups depending on the number of CAG repeats of the above described polymorphism within the coding region of the androgen receptor. 4, 26, 28 On applying one-way ANOVA we did not find overall effects with respect to differences between subgroups in terms of age, daily ethanol intake, lifetime drinking or blood alcohol concentration (see Table 1 ).
Association of the androgen receptor polymorphism, leptin and craving As shown in Figure 1 , we found significant differences in terms of number of CAG repeats and leptin serum levels (one-way ANOVA, F ¼ 5.092, P ¼ 0.008). In post hoc analysis (Bonferroni), the group 'short' (7-18 CAG repeats) showed significant higher leptin serum levels when compared with the group 'long' (24-31 repeats) (P ¼ 0.009), whereas there was a trend for significance between 'intermediate' and 'long' (P ¼ 0.084). Regarding the influence of the investigated polymorphism on craving measured by the OCDS, this reanalysis equally found significant differences between the groups (one-way ANOVA, F ¼ 3.312, P ¼ 0.040) as already published. 4 Similarly, post hoc analysis revealed a significant difference between 'short' and 'long' groups (P ¼ 0.034), which means that those patients with a big number of repeats (X23) showed less craving when compared with those who belonged to the group 'short' (see Figure 2 ).
Leptin and craving
Results regarding an association between leptin and craving of the same study sample and specific subgroups have been published before. 16, 19, 20 In this analysis, we included a subsample of 110 male patients to further elucidate the To achieve normal distribution, we ln-transformed variables 'daily ethanol intake', 'lifetime drinking' and 'BAC'. We did not find overall effects with respect to differences between subgroups.
Figure 1 CAG repeat length and body mass index (BMI)-corrected leptin serum levels, short (7-18), intermediate (19) (20) (21) (22) (23) and long (24) (25) (26) (27) (28) (29) (30) (31) (32) . Leptin values were ln-transformed to achieve normal distribution. On applying one-way analysis of variance and post hoc analysis (Bonferroni), the three subgroups differed significantly (Obsessive Compulsive Drinking Scale (OCDS)-total: F ¼ 5.092, P ¼ 0.008). We found significant alterations when comparing the 'short' with 'long' groups (P ¼ 0.009), whereas there was a trend for significance between 'intermediate' and 'long' (P ¼ 0.084). **Po0.01.
influence of the androgen receptor on craving of men in alcohol withdrawal. This analysis showed as well a significant positive Pearson's correlation between ln leptin/BMI and both the OCDS-total and -obsessive score (OCDS-total subscore: r ¼ 0.842, Po0.001; OCDS-obsessive subscore: r ¼ 0.527, Po0.001; OCDS-compulsive subscore: r ¼ 0.368, Po0.001). We carried out multiple linear regression analysis as described above, entering OCDS-total, -obsessive and -compulsive as dependent variables and age, ln leptin/BMI, daily ethanol intake (g) and lifetime drinking (kg) at admission as independent variables. (i) OCDS-total: R ¼ 0.500, Figure 3 .
Path analysis androgen receptor polymorphism, leptin and craving We carried out a path analysis of the mediating effect of leptin on the association between the number of CAG repeats of the androgen receptor polymorphism and alcohol craving quantified using the OCDS. As shown in Figure 4 , we found direct and mediated effects of the number of CAG repeats on alcohol craving. Direct effects (r ¼ À0.144) accounted for 60% and indirect, leptin-mediated effects (r ¼ À0.096) for 40% of the total effect. Figure 4a shows the total effect of the androgen receptor polymorphism, whereas Figure 4b includes direct and leptin-mediated effects. Standardized regression weight (r) and squared multiple correlation estimates (R 2 ) are provided in Figure 4 . The w 2 statistics tests the null hypothesis that the model does not deviate from the data (w 2 ¼ 0.045, d.f. ¼ 2, P ¼ 0.978, asymptomatic significance).
Discussion
Androgen receptor variants with a small number of CAG repeats show higher transcriptional activity of target genes than androgen receptors with longer CAG repeats. 5, 29 We recently reported evidence that this CAG trinucleotide repeat in the coding region of the androgen receptor is Figure 2 CAG repeat length (short (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) , intermediate (19) (20) (21) (22) (23) and long (24) (25) (26) (27) (28) (29) (30) (31) (32) and Obsessive Compulsive Drinking Scale-total (OCDS-to). One-way analysis of variance and post hoc analysis (Bonferroni) revealed significant differences between the groups (F ¼ 3.312, P ¼ 0.040), 'short' versus 'long' (P ¼ 0.034). *Po0.05. associated with both total and obsessive craving of men in alcohol withdrawal. 4 As the appetite-regulating hormone leptin is well known to be involved in the pathogenesis of alcohol withdrawal, and as Zitzmann et al. 7 reported an association between the number of CAG repeats and body fat content, leptin and insulin, we further investigated the impact of leptin in mediating the effect of the androgen receptor on craving.
In terms of CAG repeats and leptin serum levels, our analysis showed that a small number of repeats is associated with higher leptin serums levels and vice versa. Furthermore, we found that the higher the leptin serum levels, the higher the patients scored on the OCDS. Path analysis calculated 'direct' effects of the CAG polymorphism (r ¼ À0.144) accounting for 60% and indirect, leptinmediated effects (r ¼ À0.096) accounting for 40% of the total effect.
This study not only tries to link genetics to human behavior, but more importantly, also reports the effect of genetics on functional proteins, which is followed by clinical effects. Investigating the biomolecular aspects of craving in alcohol withdrawal is useful because it is regarded as a main risk factor for relapse. 28, [30] [31] [32] Unfortunately, our study design did not include follow-up of patients after the withdrawal period to assess relapse.
Nevertheless, it is interesting that Zitzmann et al. 7 showed a positive correlation between the number of CAG repeats in the androgen receptor and the leptin serum levels, whereas our analysis suggests a negative one. At first glance our results seem to be in contradiction. Nevertheless, there are lucid explanations that may account for our observations. First, Zitzmann et al. investigated in a cross-sectional design involving 106 healthy 10 to 50-year-old men. Our study includes approximately the same number of individuals but investigated the effects of patients that were admitted for alcohol withdrawal. Thus, our observation should be regarded as specific for alcohol withdrawal. Zitzmann et al. report a low number of CAG repeats being independently associated with protective parameters as low body fat mass and plasma insulin, as well as with adverse parameters (low high-density lipoprotein cholesterol concentrations), which is astonishing. This constellation suggests that the role of the investigated polymorphism in modulating cardiovascular risk factors is highly complex and that its clinical impact depends on exogenous cofactors such as alcohol withdrawal. Besides, it is clear that leptin has an important role in human sexual maturation and reproduction. 10 Application of testosterone suppresses both expression of leptin mRNA and secretion in human adipose cells and rats. 33, 34 Hypogonadal men show increased leptin concentrations that is restored after testosterone substitution. 35, 36 Supplementation of androgenic sex hormones decreases serum leptin levels, whereas suppression increases serum leptin concentration, independently of changes in body fat mass in healthy men. This observation is likely to be up to a suppressive effect of testosterone on serum leptin concentration in males, [36] [37] [38] an effect multiply reproduced by independent researchers. 39, 40 Unfortunately, we were not able to determine testosterone serum levels in our study. Nevertheless, a big study investigating 882 men observed a significant positive correlation between the CAG polymorphism and serum levels of total, albumin bound and free testosterone. 41 Next to testosterone, Stanworth et al.
38
showed that the CAG polymorphism was also independently associated with luteinizing hormone (LH), waist circumference, BMI, leptin, and systolic blood pressure. They found no link with sex hormone binding globulin, estradiol, HbA(1C) or the symptoms of hypogonadism. Consequently, we estimate lower levels of testosterone in our group of patients called 'short' versus 'long,' which might be responsible for our observation that serum leptin levels negatively depend on the number of CAG repeats in the androgen receptor gene. Serum testosterone levels are lowered under conditions of chronic alcohol intake. They increase progressively during a period of abstinence. 42, 43 The inverse time-dependent change of serum leptin levels 12, 16 fits very well to our hypothesis that androgens affect craving of men in alcohol withdrawal by modulation of leptin.
Although the number of included individuals (n ¼ 110) seems to be quite small, we found statistically significant effects even after correction for multiple testing. Anyway, these findings need to be further explored in a larger sample population. The reported results suggest that the CAG polymorphism in the androgen receptor gene mediates its influence on craving of men in alcohol withdrawal mostly through the regulation of leptin. Nevertheless, future studies should investigate further functionally relevant polymorphisms within the androgen receptor gene and their impact on craving and leptin.
Materials and methods
Patients
We included 110 male in-patients who were admitted for detoxification treatment. Each one had an established diagnosis of alcohol dependence according to the DSM-IV. 17 The study was approved by the local ethics committee and carried out in accordance with the ethical standards defined by the Declaration of Helsinki of 1975, as revised in 1983 and written informed consent was obtained from all participants after the study had fully been explained to them. Study design and laboratory methods were carried out as previously described (Franconian Alcoholism Research Studies). 4, 16, 18 Patients suffering from any other psychiatric diseases, substance abuse apart from alcohol or nicotine, existence of severe somatic illnesses or known hypothalamic pituitary adrenocortical (HPA) axis or thyroid diseases were not enrolled in the study. Regarding the associations between CAG repeats, leptin and alcohol craving, partial results from the same study sample have already been published before. 4, 16, 19, 20 In this study, we included a subsample of male patients in which data on leptin levels, alcohol craving and the CAG trinucleotide repeat in the coding region of the androgen receptor were available.
To measure the extent of craving, we used the Obsessive Compulsive Drinking Scale (OCDS) on the day of hospital admission before starting the detoxification regime and made distinctions between the total score and obsessive and compulsive subscales. 21, 22 The OCDS is a reliable and thoroughly validated self-rating questionnaire. It consists of 14 items and allows patients to self-rate their obsessive thoughts about drinking and their compulsive use of alcohol.
Females were excluded because of previously described differences in terms of neurobiology of craving. 23 Body mass index (BMI) was calculated as body weight divided by squared body height (kg m À2 ).
Quantification of leptin serum levels Fasting blood samples for quantification of serum leptin were drawn on admission between 8 and 11 am. As our study design covered a relatively long time span (from 8 to 11 am) for serum sampling, this might be seen as a confounding factor. Nevertheless, White et al. 24 report a very small circadian amplitude of male leptin serum levels of 2.7 nmol l À1 with its maximum at 0400 hours and minimum at 1600 hours.
After centrifugation for 10 min at 3112 g and 4 1C, samples were aliquoted to avoid multiple steps of thawing and freezing. They were stored at À80 1C. For the determination of leptin serum levels a commercial high-sensitive enzymelinked immunosorbent assay kit was used (Quantikine human Leptin, R&D Systems, Minneapolis, MN, USA) as previously described. 16 For methodical evaluation, we calculated the following parameters: detection limit ¼ 0.0078 ng ml À1 and intra-and interassay coefficients ¼ o5.4%.
Genetic analysis
We sequenced the region of interest within the coding area of the androgen receptor after PCR according to Su et al. 
Statistics
Leptin levels were corrected for BMI (leptin/BMI ratio). All variables were checked for normal distribution by the Kolmogorov-Smirnov one-sample test for goodness-of-fit. For linear regression analysis, the following variables were ln-transformed to achieve a normal distribution: leptin/BMI, CAG repeat length, daily ethanol intake, lifetime drinking and blood alcohol concentration at admission. Basal bivariate correlations between variables in question were calculated using the two-sided Pearson's test. To calculate the putative influence of various controlling parameters on single entities, such as OCDS-total, -obsessive and -compulsive score, multiple regression models (ENTER method) were computed using the statistical software package PASW Statistics 17.0.2 (SPSS, Chicago, IL, USA). For further analysis, we divided the group into three subgroups depending on repeat length according to Seidman et al.:
26 short (7-18), intermediate (19) (20) (21) (22) (23) and long (24) (25) (26) (27) (28) (29) (30) (31) (32) . This distinction was made because previous published reporter gene analysis showed significant differences among the 15, 20 and 31 repeat lengths. 27 We carried out one-way analysis of variance (ANOVA) and P-values were derived from post hoc analysis (Bonferroni). Moreover, we used structural equation models to analyze a possible mediating effect of leptin on the association between craving and the number of CAG repeats with a maximum likelihood estimation implemented in AMOS 17.0 (SPSS, Chicago, IL, USA). Po0.05 was considered statistically significant. Levels of statistical significance are given as asterisks in figures: *Po0.05; **Po0.01; ***Po0.001. Graphs were created using Graph Pad PrismTM 5.0 (Graph Pad Software, San Diego, CA, USA).
